IoT向け深層学習に基づく知的リソース割り当てに関する研究 by 唐 風梟
A Study on Intelligent Resource Allocation
Based on Deep Learning for Internet of Things
著者 唐 風梟
number 63
学位授与機関 Tohoku University
学位授与番号 情博第687号
URL http://hdl.handle.net/10097/00127260
  1 
 
氏名   唐
t á n g
 枫
fēng
枭
xi āo
  
学 位 の 種 類  博 士（情報科学） 
学 位 記 番 号  情 博 第 ６８７ 号 
学位授与年月日  平成３１年 ３月２７日 
学位授与の要件  学位規則第４条第１項該当 
研究科、専攻  東北大学大学院情報科学研究科（博士課程）応用情報科学専攻 
学位論文題目  A Study on Intelligent Resource Allocation Based on Deep Learning 
for Internet of Thing（IoT向け深層学習に基づく知的リソース割り当
てに関する研究） 
論文審査委員  （主査）東北大学教 授  加藤 寧 
             東北大学教 授  周 暁  東北大学教 授 菅沼 拓夫 
             東北大学准教授  ファドゥルラ ズバイル 
 
論 文 内 容 の 要 旨 
 
第１章 Introduction 
 
Due to the fast increase of sensing data and quick response requirement in the 
Internet of Things (IoT), the large amount of network traffic flows and computing tasks 
become too heavy to be supported by the limited radio and traffic resources in the IoT.  In the 
first chapter, we introduced the background and development of IoT. As the rapid growth of 
IoT in both industry and business fields, the traditional network structures only consider the 
simple server and clients with wired connection are no longer suitable for the new IoT system. 
To cope those challenges, many complex IoT environments equipped with wireless 
connections such as UAV-enabled IoT and SDN-IoT are widely emerged recently. However, as 
both the wireless radio and traffic resources are limited. How to balance the increased QoS 
requirement of user and limited resources becomes critical problem. In this research, w 
analysis the resource limitation in the IoT, three corresponding resource allocation algorithms 
are proposed to manage the limited radio and traffic resources in IoT.  
 
 
第 2章 Overview of Resource allocation game theory and deep learning in IoT 
 
 In this chapter, I first give a preliminary on the related works of resource allocation 
in conventional wireless network and the considered SDN-IoT. From the existing works, there 
are lack of methods to deal with the partially overlapping channels in IoT, and the 
conventional channel allocation methods only focus on the static scenario and not intelligent 
for dealing with the changing traffic and topology in the IoT. To address such issues, I 
introduce two powerful tools namely game theory and deep learning and survey the related 
applications of using the tools in network. Besides, I investigated the research flow of deep 
learning used in network traffic resource allocation area. The basic concept and application of 
deep learning are further introduced in this part. With the overview of existing works, the 
weakness of past methods and the challenges of the resources allocation problem in IoT are 
emerged.  
 
 
第 3章 The Proposed Anti-Coordination Game based Channel Assignment 
 
 The considered UAV-enabled IoT require quick network access. However, quick and 
dynamic network formulation is required to support such a system. Besides, the radio channel 
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assignment of the nodes is an optimization problem since the number of orthogonal channels 
is limited and using overlapping channels in adjacent nodes with both primary cellular and 
D2D links leads to severe interference in IoT. Furthermore, in the considered UAV-enbaled 
IoT network, the mobility of nodes leads to highly dynamic situation which renders 
conventional channel assignment algorithms unsuitable. For overcoming those challenges, in 
this chapter, we presented an interference model and formulated a formal problem. Then, we 
proposed AC-POCA, a distributed Anti-Coordination game based algorithm for solving the 
channel assignment problem in the considered UAV-enabled IoT network. Using AC-POCA, 
the nodes are able to use only local information to reach a steady state in the network. 
Through analysis, the uniqueness of the steady state in the proposed AC-POCA was also 
verified. In addition, simulation results were provided to demonstrate that the proposal leads 
to fast convergence, low signaling overhead, and improved throughput in contrast with the 
existing methods.  
 
 
第4章 Deep Learning Based Traffic load Prediction 
 
The significant performance of AC-POCA introduced in chapter3 is based on two 
assumptions. The first one is the heterogeneous devices in IoT can efficiently connect with 
each other immediately, the second assumption is that the traffic loads in the IoT are smooth 
and not suddenly change in a short time. However, in the real IoT environment, the devices in 
IoT might be various and not controlled in distributed way whereby the heterogeneous 
devices and structure lead to more dynamic even bursty network traffic. In this chapter, to 
deal with the real challenge in IoT, we consider the SDN to make the distributed 
heterogeneous infrastructure of IoT to a centralized architecture referred as SDN-IoT. 
However, due to the high dynamic of network traffic, how to dynamic predict the future 
network traffic to avoid potential congestion becomes a big problem. In this chapter, based on 
the SDN-IoT structure, we proposed three deep learning based traffic prediction algorithms 
based on different control manner. The used deep DBN and CNN are detailed described in the 
system model part. From the simulation result, the centralized SDN based control method 
shows better performance than conventional distributed and semi-distributed manner. After 
the network traffic prediction, the deep learning based channel assignment algorithm is 
proposed in the next chapter. 
 
 
第 5章 Proposed Deep Learning Based Partially Channel Assignment 
 
The explosive growth of sensing data and quick response requirements of the IoT 
have recently led to the high speed transmissions in the wireless IoT to emerge as a critical 
issue. Assigning suitable channels in wireless IoT is a basic guarantee of high speed 
transmission. However, the conventional fixed channel assignment algorithms are not 
suitable in the IoT due to the highly dynamic traffic loads. Recently, the Software Defined 
Networking based IoT (SDN-IoT) is proposed to improve the transmission quality. Moreover, 
the deep learning technique has been widely researched in high computational SDN. 
Therefore, a deep learning based partially channel assignment algorithm (DLPOCA) was 
proposed to intelligently assign channels to each link in SDN-IoT. Then, by using the previous 
proposed traffic load prediction method to predict the future traffic load and network 
congestion, we combine the traffic prediction and channel assignment to propose a novel 
intelligent channel assignment algorithm (TP-DLPOCA), which can intelligently avoid traffic 
congestion and quickly assign suitable channels to the wireless links of SDN-IoT. Extensive 
simulation results demonstrate that our proposal significantly outperforms the conventional 
channel assignment algorithms. 
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第6章 Proposed Deep Learning Based Network Traffic Allocation 
 
After the suitable radio resources are intelligently allocated to the links in the IoT, a 
deep learning based network traffic allocation algorithm is proposed to further optimize the 
network flows allocation in the IoT. In the proposal, we propose appropriate input and output 
characterizations of heterogeneous network traffic and propose an online deep neural 
networks system. We describe how our proposed deep learning based network traffic control 
system works and differs from traditional neural networks. With the proposal, the network 
traffic can be intelligent allocated to suitable routing path, which can continuously learn from 
historical experiences to improve the allocation decision by itself. Also, simulation results are 
reported which demonstrate the encouraging performance of our proposed deep learning 
system compared to a benchmark routing strategies in terms of significantly better signaling 
overhead, throughput, and delay. 
 
 
第 7章 Conclusion 
 
This chapter gives a conclusion of our work. The resource in IoT is limited. In order to 
better utilize the limited resources, the large amount of network traffic flows and computing 
tasks become too heavy to be supported by the limited radio and traffic resources in the IoT. 
In this study, we analysis the resource limitation in the IoT, three corresponding resource 
allocation algorithms are proposed to manage the limited radio and traffic resources in IoT. 
The mathematical analysis and simulation results demonstrate that our proposal outperform 
traditional methods in terms of both network throughput and transmission quality of devices. 
 
論文審査結果の要旨 
 
近年、IoT におけるセンシング・データおよび迅速な応答要件が急速に増加している。そのた
め、トラヒック要求および計算量が、IoT 内の限られた無線およびコンピューティング・リソー
スを逼迫している。そこで、本研究では、IoTにおけるリソース制限を分析し、IoTの限られた無
線およびコンピューティング・リソースを制御、管理するための 3 つのリソース割り当てアルゴ
リズムを提案している。本論文は 7つの章により構成されている。 
第 1章では、IoT、SDN、および深層学習の背景を説明し、現在の IoTネットワークの課題を指
摘している。 
第 2 章では、SDN-IoT のチャネルリソース割り当て問題について述べている。さらに、ネット
ワーク分野における深層学習の応用に関しても検討している。 
第 3 章では、部分的にオーバーラップするチャネル割り当てアルゴリズムに基づくアンチ・コ
ーディネーション・ゲーム(ACPOCA)を提案している。本提案では、チャネル割り当てプロセスを
モデル化するために反調整ゲームを使用している。これにより、ACPOCAの迅速な収束およびより
良いオーバーヘッドを示すことが可能である。その結果、無線リソースを効率的に節約すること
で、シグナリングオーバヘッドの低減を可能としている。ここで、現実世界の IoT におけるネッ
トワーク性能を改善していることは実用上の観点から、高く評価できる。  
第 4 章では、深層学習ベースのトラヒック負荷予測アルゴリズムを導出している。訓練モデル
の構造は、畳み込みニューラルネットワーク（CNN）と Deep Belief Network（DBN）の二つを用
いて構築され、過去のネットワークトラヒックパターンの特徴を抽出することが可能である。次
に、異なる制御システムに基づく 3 つの深層学習ベースの予測について論じている。本手法は、
特定の IoT ネットワークトラヒックパターンに対するトラヒック負荷を予測するのに有効な方法
である。これは、IoTにおけるトラヒック負荷予測において重要であり、十分評価に値する。 
第 5章では、ディープ・ラーニング・ベースの重複チャネル割り当てアルゴリズム(TP-DLPOCA)
を導出している。TP-DLPOCAでは、潜在的な輻輳を回避し、SDN-IoTで適切なチャネルを迅速に割
り当てることが可能な深層学習によってトラヒック負荷を考慮し、チャネル割り当てを処理して
いる。その結果、従来のチャネル割り当てアルゴリズムより優れていることを示している。本手
法は、IoTにおける無線リソース利用の観点から高く評価できる。  
第 6 章では、IoT での深層学習を用いたネットワークトラヒック制御は、提案した無線チャネ
ル割り当てを導入することでより高度化することが可能であることを示している。 
第 7章では、本論文のまとめを行っている。 
以上要するに本論文は、深層学習を用いて IoT のネットワークリソースを制御するリソース割
り当てアルゴリズムを提案しているものであり、応用情報科学並びに情報通信技術の発展に寄与
するところが少なくない。 
よって、本論文は博士（情報科学）の学位論文として合格と認める。 
